Interval Valued Bipolar Neutrosophic Sets and Their 
Application in Pattern Recognition 


Irfan Deli’, Y usuf Subas', Florentin Smarandache * 


and Mumtaz Ali > 


! Muallim Rıfat Faculty of Education, Kilis 7 Aralık University, 79000 Kilis, Turkey, 
irfandeli@kilis.edu.tr, ysubas@kilis.edu.tr 


2 University of New Mexico, 705 Gurley Ave., Gallup, New Mexico 87301, USA. 
fsmarandache @ gmail.com 


3 Department of Mathematics, Quaid-i-Azam University Islamabad, Pakistan 
mumtazali7288@gmail.com 


ABSTRACT 


Interval valued bipolar neutrosophic set([VBN-set) is a new generalization of fuzzy set, bipolar fuzzy set, neutrosophic 
set and bipolar neutrosophic set so that it can handle uncertain information more flexibly in the process of decision 
making. Therefore, in this paper, we propose concept of IVBN-set and its operations. Also we give the IVBN-set 
weighted average operator and IVBN-set weighted geometric operator to aggregate the IVBN-sets, which can be 
considered as the generalizations of some existing ones under fuzzy, neutrosophic environments and so on. Finally, a 
decision making algorithm under IVBN environment is given based on the given aggregation operators and a real 


example is used to demonstrate the effectiveness of the method. 


Keywords: Neutrosophic set, interval valued neutrosophic set, interval valued bipolar neutrosophic set, average and 


geometric operator, multi-criteria decision making. 


1. Introduction 


To overcome containing various kinds of uncertainty, the 
concept of fuzzy sets [16] has been introduced by Zadeh. 
After Zadeh, many studies on mathematical modeling have 
been developed. For example; to model indeterminate and 
inconsistent information Smarandache [11] introduced the 
concept of neutrosophic set which is independently 
characterized by three functions called truth-membership 
function, indeterminacy-membership function and falsity 
membership function. 

Bipolar fuzzy sets, which are a generalization of Zadeh’s 
fuzzy sets [16], were originally proposed by Lee [7]. Bosc 
and Pivert [2] said that “Bipolarity refers to the propensity of 
the human mind to reason and make decisions on the basis of 
positive and negative effects. Positive information states what 
is possible, satisfactory, permitted, desired, or considered as 
being acceptable. On the other hand, negative statements 
express what is impossible, rejected, or forbidden. Negative 
preferences correspond to constraints, since they specify 
which values or objects have to be rejected (i.e., those that do 
not satisfy the constraints), while positive preferences 
correspond to wishes, as they specify which objects are more 


desirable than others (i.e., satisfy user wishes) without 
rejecting those that do not meet the wishes.” Presently, 
works on bipolar fuzzy sets are progressing rapidly in [1,2,6- 
10,15]. 

In this study, to handling some uncertainties in fuzzy sets and 
neutrosophic sets, the extensions of fuzzy sets[16], bipolar 
fuzzy sets[7], neutrosophic sets[11] and bipolar neutrosophic 
sets[5], interval valued bipolar neutrosophic sets with 
application are introduced. 


2. Preliminaries 


In the section, we give some concepts related to bipolar fuzzy 
sets, neutrosophic sets, interval valued neutrosophic set, and 
bipolar neutrosophic sets. 


Definition 2.1. [12] Let X be a universe of discourse. Then a 
single valued neutrosophic set is defined as: 


Ays = OM CA 0), F,(x)) :xE x} 
which is characterized by a truth-membership function 


T(x): X [0,1], an indeterminacy-membership function 


T(x): X [0,1], and a falsity-membership function 
Fy(x): X [0,1]. There is not restriction on the sum of 


T, (x), 1, (x), and F,(x)so OST, (x) S1,(x) < F,(x) $3. 





Definition 2.2. [13] Let X, be a space of points (objects) 
with generic elements in X, denoted by x. An interval 
valued neutrosophic set (for short IVNS) A in X, is 


characterized by truth-membership function T,(x), 


indeteminacy-membership function J/,(x), and falsity- 
membership function F,(x). For each point x in X, we 
have that T,(x),I,(x), F(x) c [0,1]. 

For two IVNS 

y. {(x, [inf T, (x), sup T, (x)],[inf 7,00, sup 7, (4) ], 

[inf F,(x), sup F,(x)]) xE x} 

and 

Bwys = {(x, [inf T, (x), sup T; (x)],[inf 7, (x),sup 7, (x)], 

[inf F(x), sup F; (x)]) :xE x} 

Then, 

1. Anns GB, 
inf T, (x) <inf T, (x), supT, (x) <supT, (x), 
inf 7, (x)2inf J, (x), sup/,(x)>sup/, (x), 
sup F, (x) > sup F, (x), sup F, 
forall xe X. 


wns 1f and only if 


2. Anys = Byns if and only if 
inf T, (x)=inf T; (x), supT, (x) =supT, (x), 
inf 7, (x)=inf 7, (x), sup/,(x)=sup/, (x 
sup F, (x) =sup F, (x), sup F, (x)= sup F, 


for any xe xX. 


3. Ars” if and only if 
Anys? = {(x, [inf F, (x), sup F, ©], [1 -sup 1, (0), 
1-inf 1,(x)],[inf T, (x), sup T, (x)]) xE x} 


4. Ans O Bws if and only if 


Anns O Brows = {(x, [inf 7, (x) A inf T, (x), 
supT, (x) AsupT;, œ] , [inf I, (x) vinf I, (x), 
sup /_,(x) v sup/,(x)], [inf F(x) v inf F(x), 


sup F, (x) v sup F, (x)]): xe X} 


5. Ays U Bms if and only if 


Anns U Brows = {(x, [inf T, (x) v inf T, (x), 


supT, (x) v supT, œ] [inf I, (x) inf I(x), 
sup/,(x) Asup/, (x)], [inf F,(x) Ainf F(x), 
sup F, (x) Asup F;,(x)]): x € x} 


Definition 2.3. [7] Let X be a non-empty set. Then, a bipolar- 
valued fuzzy set, denoted by A,, is defined as; 


Ápr = {(x, 14 (x), uz (x)) xE x} 
Where y,(x):X [0,1] and yu, (x): X [0,1]. The 
positive membership degree 4; (x) denotes the satisfaction 
degree of an element x to the property corresponding to App 
and the negative membership degree 4 (x) denotes the 
satisfaction degree of x to some implicit counter property of 


A 


BF* 


Definition 2.4. [5] A bipolar neutrosophic set A in X is 
defined as an object of the form 


A= f(T OOF T (x), (x) F O): EX} 
where 7*,1*,F*:X —>[1,0] and T-,7-,F-:X —[-1,0]- 
The positive membership degree 7*(x),/*(x), F*(x) denotes the 


truth membership, indeterminate membership and false 
membership of an element xe X corresponding to a bipolar 
neutrosophic set A and the negative membership degree 
T(x), (x), F (x) denotes the truth membership, indeterminate 


membership and false membership of an element xeX to 
some implicit counter-property corresponding to a bipolar 
neutrosophic set A. 


Definition 2.5. [5] Let 

A= LETO ODER OT, (x) (2). GO): € x} 
and 

A, = [ET L OF OT (x) (x) E): xe X} 


be two bipolar neutrosophic sets. 


1. Then A, CA, if and only if 
T OST <1). F @2F'Q), 
and 
TD (4), 127,00), FSF a) 
for all xe X. 


2. Then A, =A, if and only if 
TOOT, FOS (x), FO) = EFt a) 
and 
T (x)=T, wW, Kow, K w= F x) 
forall xe X. 


3. Then their union is defined as: 


(A, VA, x)= 


{max has T (x)} ; nn 


T, (x) + I, (x) 


, min {Ft O), F(x}, 


min {T, (x),T; (x)}, 
forall xe X. 


,max {F (x), E wH 


4. Then their intersection is defined as: 
(A, OA, Xx) = 
ees z IOD +G (x 
{min{7, T; g OE 
T, (x) +7, (x) 
2 


„max { F,*(x), E OD}, 


max {T T} ; 
forall xe X. 


„min {F7 (x), F; (x }} 


5. Then the complement of A, is denoted by A,‘ and is 
defined by 
T=- .@=WI-G@, 
Fi (x) = {0 }- Fy) 
and 
TO=, o-o), 
F (x) =(0}-F,@), 
forall xe X. 


Definition 2.6. [5] Let 
A= {(x.0 1" OF O).T, (x).1 (x). (@)):x€ x} 
and 


A= ETORO EN (x) (x). Fœ): xe x} 


be two bipolar neutrosophic number. Then the operations for 


these numbers are defined as below; 


p aail (ry ES (ary Cry 





E 


iii, A +A, = (T? +T} -T DART T7, 





z I L LL), CE F, RF) 
iv. AA = (TT), +} -I 3, F? +F} RE, 
“Ty -T; -T T5), 1 1,, F F; ) 


where A > 0. 


Definition 2.7. [5] Let 

a@={(x,T° O OEF T (x), (x), F O): xe X} 
be a bipolar neutrosophic number. Then, the score function 
s(G), accuracy function a(@) and certainty function c(a) of 


an NBN are defined as follows: 





s(ã)= (r +1-I* +1- F*+1+T7 -I -F") 
a(ã)=T* —F°4+T -F 

c(ã) =T" -F 

Definition 2.8. [5] Let 

a, SUT SET ak =1,2,...,.7) 

be a family of bipolar neutrosophic numbers. Then, 


i. Fy:3,—S is called bipolar neutrosophic weighted 


average operator if it satisfies; 


where w; is the weight of ã, (j =1,2,...,7), w; e[0,1] 
and >, =i; 
j=l 


ii. Hy:3,—>3I is called bipolar neutrosophic weighted 


geometric operator if it satisfies; 


n n 


-( fey fey fen) 


jel j=l jel 








phe- ea TC") 


j=l j=l 


where w, is the weight of a,(j =1,2,...,7), w; e [0,1] 


and yw, =1; 
j=l 


3. Interval Valued Bipolar Neutrosophic Set 2. Then A, = A, if and only if 


In this section we give concept of IVBN-set and its LHL); Tat, (x), he D=} (x), 
operations. Also we give the IVBN-set WENEN average E@=E Os FOE: F*G)= FG, 
operator and IVBN-set weighted geometric operator with us 2R K 2B ue a 
properties to aggregate the IVBN-sets based on the study and 


given in [5]. TOTO, TOT, T œ= œ, 

r =I (x) F (x)=F (x, F (x)=F (x), 
Definition 3.1. A interval valued bipolar neutrosophic set A iR (x) 2R (x) IL (x) 2L (x) IR (x) 2R (x) 
in X is defined as an object of the form forall xeX. 


A=( 7.70] [FOO] [AOR |, 
[TeGd. te) | [te @o AOAO O), 

where 7,7; I}, I}, F}, F} :X [0,1] and T;,T;, I}, Ips 
FF, : X >[-1,0]. 


3. Then their union is defined as: 


(A, VA, )(x) = 
paner O}, max {T (a), 7 "Gori 














min{ WENA (oh, min { fr: wW, Go} 
Example 3.2. Let X ={x,,x,,x,}. Then min (x), F; O min{ F* (x), FY ol 
(x,,[0.3,0.9].[0.1,0.8],[0.2,0.5].[-0.8, -0.7],[-0.5,-0.1],[-0.4,-0.3]), bas T D}, min {T7 09,7, @) y], 
A=4(x,,[0.3,0.8],[0.3,0.9],[0.1,0.2],[-0.7,-0.6],[-0.6,-0.2],[-0.6,-0.2}), oe {r- rO œ}, max {r- OE oh} 
(x,,[0.4,0.7],[0.5,0.7],[0.3,0.4].[-0.9,-0.5],[-0.4,-0.3],[-0.8,-0.1]) 
is a interval valued bipolar neutrosophic subset of X . ra (x), F, Bese max {F OOF, w}] 
forall xe X. 


Theorem 3.3. A interval valued bipolar neutrosophic set is 
the generalization of a bipolar fuzzy set and bipolar 


neutrosophic set. (404X) = 


. Then their intersection is defined as: 


Proof: Straightforward. | min {7 T, w}, min { {T œT, (x) Me 


Definition 3.4. Let max [Ti (x).17, O} max {T 9 C} 
Inith 4. Le L 
(TOT [2.1 FoF], [max {F} 0), F(a} max {FiF}, 
[morwr Ero) [max (F; T; 0} max {47,0} 


and min {I> (x).1; ©}, min {7 (I, @) |, 
4, =T Tr wF oF], 


[7 7, 0 ],[75, 00.6, @ |,[F, 00. F, @)) 





(7 
in E, w} min {FaF} 


forall xex. 


be two interval valued bipolar neutrosophic sets. . r . 
5. Then the complement of A, is denoted by A“ and is 


1. Then A, CA, if and only if defined by 
POST TATTO EAE w, T= E-TRO Tw) -T , 
LOZE, FF A, Fiw F? w, Dew- e= {I }- A), 
and 


PODEN HF O FeG)ail |r), 
and 

LOST es Eek), £0) x T= r} -R Tye) =fr}, 
forall xe X. 


Toeto TOTTE 1) 20,00, 


Def -RA De), 


Fi. (2) ={0}-Fp@), Fye(={0}- Fi), 
forall xe X. 


Example 3.5. Let X = {x,, X3, X3 }. Then 





















































A, =4(x,[0.3,0.8],[0.3,0.9],[0.1,0.2],[-0.7,-0.6],[-0.6, -0.2],[-0.6,-0.2]}, 
(x,,[0.4,0.7],[0.5,0.7],[0.3,0.4],[-0.9,-0.5],[-0.4, 0.3] ,[-0.8, -0.1]) 
and 
(x,,[0.2,0.8],[0.3,0.6],[0.3,0.6],[-0.3, -0.2], [-0.6,-0.2],[-0.5,-0.4]), 
A, =4(x,,[0.4,0.7],[0.5,0.7],[0.2,0.3],[-0.2,-0.1],[-0.8,-0.3],[-0.9,-0.8]), 
(x,,[0.5,0.6],[0.4, 0.5], [0.1,0.4],[-0.4,-0.2],[-0.9,-0.5].[-0.7,-0.6]} 





are two interval valued bipolar neutrosophic sets in X . 
Then their union is given as follows: 
(x,,[0.3,0.9].[0.1,0.6].[0.2,0.5],[-0.8,-0.7],[-0.5,—0.1],[-0.4,-0.3]), 


A, VA, =4(x,,[0.4,0.8],[0.3,0.7],[0.1,0.2],[-0.7,-0.6],[-0.6,-0.2],[-0.6,-0.2]), 
(x,[0.5,0.7].[0.4,0.5].[0.1,0.4],[-0.9,-0.5],[-0.4,-0.3].[-0.7,-0.1]) 


Then their intersection is given as follows: 
(x,,[0.2,0.8].[0.3,0.8],[0.3,0.6].[-0.3,-0.2].[-0.6,-0.2].[-0.5,-0.4]), 
A, OA, =4(x,,[0.3,0.7],[0.5,0.9],[0.2,0.3],[-0.2,-0.1],[-0.8,-0.3],[-0.9,-0.8]), 
(x,[0.4,0.6].[0.5,0.7].[0.3,0.4].[-0.4,-0.2], [-0.9,-0.5],[-0.8,-0.6]) 
Definition 3.6. Let 


EE e 


Erer 


and 
A = ([r Ti J i e LF e l Ta]. 


ERARA 


be two interval valued bipolar neutrosophic number. Then the 
operations for NNs are defined as below; 


i aa =(ji-0-7) (ny) 
[ay Cay’ EE] 


























(x,,[0.3,0.9],[0.1,0.8],[0.2,0.5],[-0.8, -0.7],[-0.5, -0.1],[-0.4,-0.3]), 





ii, A +A, = (TE +T -Ti T; Te +T -Tik Tir |> 
[Pe lonstaglae | FiFi siete h| -5T 
greta ea Ge Faas Cres Feet a 
(“lig — Izr- Irl) || “(Hi - Fix 
~(-Fiz - Fin -Fin-Fix) |) 


iv. AA, =(TiITL The |, 


~ FF). 


[1h ti -TiL lin + Ie Helin |» 

| Fi + Fi -FiF Fath -AiFe |; 
| -6-13 -Ta -hi Ta) (ia -Tyr 
kerena Eara 


where A > 0. 


-T Tyg) |; 





Definition 3.7. Let 

a= tt, | lets Lee DG ae 

[tc ote [Fc +Fe ]) 

be a interval valued bipolar neutrosophic number. Then, the 
score function §S(ã) accuracy function A(&) and certainty 


function C (4 ) of an NBN are defined as follows: 


s(a) (T+T + I} +1- I} +1- Ft +1- F; + 





1+T, +1+T; -I,-1,-F, -F;) 
A(ã) =T; +; -F -F +T; +T; — F; — F; 
c(ã) =T} +} —F, -F; 
The comparison method can be defined as follows: 


i. If S(a,)>S(G,), then ã is greater than &,, that is, 
ã is superior to &,, denoted by & > &,; 

i. If S(a,)=S(a,), and A(ã&)>A(ã), then ã is 
greater than d,, that is, d,is superior to &,, denoted 
by a, <ã; 

iii, If $(a)=S(a,), A(G,)=A(a,), and C(a,)> 
C(4,), then & is greater than d,, that is, da, is 
superior to d,, denoted by & > a,; 

iv. If S(a)=S(a,), A(ã)>A(ã), and C(a@)= 


C(4a,), then ã is equal to d,, that is, ã is 


indifferent to d,, denoted by & > 4,; 


Definition 3.8. Let 


a (iTr | uote bl es - Eel 
EZE FRJU Peat 


be a family of interval valued na neutrosophic numbers. 
A mapping 4y: 
neutrosophic weighted average operator if it satisfies 


Ay (a = Lond, 


3, >J is called interval valued bipolar 








where w; is the weight of ã (j =1,2,..., 


yw, = 1% 
j=l 


n), w; e [0,1] and 


Theorem 3.9. Let 
a, = ([T Ta Ena EE Tal 
[aie [EFRO = 12 


be a family of interval valued na neutrosophic numbers. 
Then, 


i. If 4, =a forall j=1,2,...,n then, 
Ay (G4, go a,)=4 
ii a < Ay (4, a, a,)< max 4, 
iii. If a, = for all j =1,2,...,n then 
ae oe G,)< Ay (@,,4,',....4,") 
Definition 3.10. Let 


@,=((Ti-Tie |i lie | Fit Fi - [TT], 
[Fi ie [Fae Fr] = 12 


be a family of interval valued bipolar neutrosophic numbers. 
A mapping G,:3, —S is called interval valued bipolar 


neutrosophic Sciatica geometric operator if it satisfies 


~ = ~ wj 
Aig) =[14 











where w, is the weight of a,(j =1,2.... 


n 
Èw, =1. 
j=l 


n), w, e[0.1] and 


Theorem 3.11. Let 
gT M te LL as Tp | 
ERIE FRDO FES 


be a family of interval valued A neutrosophic numbers. 
Then, 


i. If 4, =a forall j =1,2,...,n then, 


iii. If a, =a, for all j =1,2,...,1 then, 


„ã,) S Gy (G78 nÂ) 
Note that the aggregation results are still NBNs 


G, (4,,4,,.. 


4. NBN- Decision Making Method 
In this section, we develop an approach based on the A,, (or 


Gw ) operator and the above ranking method to deal with 


multiple criteria decision making problems with interval 
valued bipolar neutrosophic information. 


Suppose that A={A,A,,.4A,} and C ={C; CC} is 


the set of alternatives and criterions or attributes, 


respectively. Let w = (w, W502) W, M be the weight vector of 


attributes, such that >», =], w; >0(j =i aan) and W; 
j=l 


refers to the weight of attribute C,. An alternative on 


criterions is evaluated by the decision maker, and the 
evaluation values are represented by the form of interval 
valued bipolar neutrosophic numbers. Assume that 


(4, esi (r; üL? Tih dek [Fi üL? Tal: Ti üL? eae 
tee VF) 


is the decision matrix provided by the decision maker; a, is a 


mxn 


interval valued bipolar neutrosophic number for alternative 


A,.associated with the criterions C;. We have the conditions 








+ + + + 
Ti Tir Lj Lr Fyr» Fyr» and Ti E Ligne T Fig Figs ijR efo, 1] 
such that 
+ SEES aE EE Ga + + 
0<T;, + Tip ! Ij ! Tir r Fy 4 £ Fir 
Ti -Tyr Ti. lyr — Finn — Fir S12 


for (i=1,2,...,m) and (j=1,2,...,). 


Now, we can develop an algorithm as follows; 


Algorithm 


Step 1. Construct the decision matrix provided by the 
decision maker as; 


(4, i)a = (mi üL? Tih MES LF üL? A [Ti üL? T 
EE) 


Step 2. Compute 4, = Ay (ŭi ðs) (Or Gy (ði õn, 


il? 


,a,,)) foreach a,(i =1,2,...,m) 


in 


mxn 


Step 3. Calculate the score values of S(G,) for the @=1, 
2,..,m) collective overall interval valued bipolar 


neutrosophic number of a, (i = 1,2,...,m) 


Step 4. Rank all the software systems of d,(i=1,2,...,m) 
according to the score values 


Now, we give a numerical example as follows; 


Example 4.1. Let us consider decision making problem 
adapted from Ye [14]. There is an investment company, 
which wants to invest a sum of money in the best option. 


There is a panel with the set of the four alternatives is 
denoted by C,=car company C, = food company, C, = 


computer company, C, =arms company to invest the money. 


The investment company must take a decision according to 
the set of the four attributes is denoted by A, =risk, A, = 
growth, A,= environmental impact, A, = performance. 
Also, the weight vector of the attributes C Al J =1,2,3,4) is 
w = (0.24,0.26,0.26,024)"’. Then the according to this 
algorithm, we have, 


Step1. Construct the decision matrix provided by the 
customer as; 


Table 1: Decision matrix given by customer 























Ci 
A, _ ({0.5,0.6],[0.2,0.5],[0.1,0.7],[-0.2,-0.1],[-0.6,-0.2] ,[-0.4,-0.3)) 
A, — ((0.1,0.2],[0.3,0.8],[0.2,0.4],[-0.5,-0.2],[-0.9,-0.3], [-0.6,-0.1]) 
Az ((0.4,0.8],[0.4,0.6],[0.4,0.6],[-0.3-0.2] ,[-0.7,-0.5],[-0.5,-0.4]) 
A, _ ([0.6,0.9],[0.3,0.8],[0.5, 0.6] ,[-0.8,-0.5],[-0.5,—0.1],[-0.2,-0.1]) 
C2 





















































[ 
A, — ((0.2,0.8],[0.1,0.4],[0.3,0.4],[-0.5,-0.1],[-0.3, -0.1],[-0.9,-0.4]) 
Az ({0.1,0.6],[0.3,0.9],[0.3,0.5],[-0.8,-0.7],[-0.4,-0.3],[-0.7,-0.6]) 
A, — ((0.1,0.2],[0.8,0.9],[0.2,0.7], [-0.5,-0.4].[-0.6, -0.3], [-0.5,-0.3]) 
C3 
A,  ([0.1,0.6],[0.1,0.5],[0.1,0.4],[-0.5,—0.2],[-0.7,-0.3],[-0.4,-0.2]) 
A,  ([0.3,0.4],[0.1,0.6],[0.5,0.7],[-0.5,-0.1],[-0.8,-0.7],[-0.9,-0.8]} 
A, ((0.3,0.9],[0.2,0.8].[0.2,0.3],[-0.5, -0.4].[-0.6, -0.5],[-0.7,-0.6}) 
A, — ([0.2,0.7],[0.5,0.8],[0.8,0.9],[-0.9,-0.8], [-0.8, -0.5], [-0.5,-0.2]) 
Cy 
A, _ ({0.6,0.8],[0.4,0.6].[0.1,0.3],[-0.4,-0.3], [-0.6,-0.3],[-0.7,-0.5]) 
A, _ ((0.3,0.8],[0.3,0.9],[0.1,0.2],[-0.8, -0.6].[-0.6,-0.4],[-0.4,-0.2]) 
A> ([0.7,0.9],[0.1,0.4],[0.2, 0.6],[-0.7,-0.6],[-0.9, -0.5],[-0.3,-0.2]} 
A, _ ([0.4,0.6],[0.3,0.5],[0.1,0.7] ,[-0.3,-0.1],[-0.6,-0.5],[-0.7,-0.3]) 
Step 2. Compute 4, =A, (a,,4,),4,.d,,) for each 


(i = 1,2,3,4) as 


G, —_([0.4,0.8},[0.2,0.6].[0.1,0.5].[-0.4,-0.3].[-0.6,-0.2].[-0.5,-0.3}) 








([0.2,0.6],[0.2,0.6].[0.2,0.4],[-0.6,-0.2].[-0.7,-0.4], [-0.8,-0.5]) 





([0.4,0.8],[0.2,0.7], [0.3,0.5],[-0.5, -0.4],[-0.7, -0.5],[-0.6, -0.5]) 


G, — ({0.3,0.7],[0.4,0.7] ,[0.3, 0.7], [-0.6, -0.4], [-0.6, -0.4],[-0.5, -0.2]) 





Step 3. Calculate the score values of $(4,)(i =1,2,3,4) for 


the collective overall interval valued bipolar neutrosophic 
number of 4,(i=1,2,...,m) as; 


S(4)=056 S(ã,)=0.59 S(a,)=057 S(ã,)=0.47 


Step 4. Rank all the software systems of A (i =1,2,3,4) 


according to the score values as; 
A, >A, >A, >A, 


and thus A, is the most desirable alternative. 


5. Conclusions 


This paper presented an interval-valued bipolar neutrosophic 
set and its score, certainty and accuracy functions. In the 
future, we shall further study more aggregation operators for 
interval-valued bipolar neutrosophic set and apply them to 
solve practical applications in group decision making, expert 
system, information fusion system, game theory, and so on. 
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